Salinity and drought are two important environmental problems responsible for the reduction of growth and yield of many plant species. The present study was conducted to evaluate the tolerance potential of A. nilotica and A. ampliceps against salinity and water shortage in the pots. Different salinity levels (control, 10, 20 and 30 dS m -1 ) were developed in the pots by adding calculated amount of NaCl. Three months old nursery plants of both species were transplanted in these pots. After two weeks of transplantation, water stress was continuously applied till the end of the experiment. After four months, data regarding shoot and root growth, nodulation, chlorophyll and relative water contents were determined following standard methods. Ionic composition (Na + , K + and Cl -) of shoot and root was determined by wet digestion. The results demonstrated that A. ampliceps was more tolerant to salinity due to better ionic composition and physiological attributes but when salinity was combined with water stress; its tolerance potential was decreased. On the other hand, A. nilotica performed better under water stress and when salinity was combined with water stress.
INTRODUCTION
More than 6% of the global land area and about 20 % irrigated agricultural land is affected by salinity (Singh, 2009) . Salinity reduces growth and yield of many plants Abbas et al., 2013) . Osmotic effect is the main cause of reduction in growth of plants under salinity stress (Hu and Schmidhalter, 2005) . In addition to ion toxicity, salinity is also responsible for nutritional disorders in plants (Saqib et al., 2006) . Plants adapt to salinity by osmotic stress resistance, limiting the accumulation of Na + and Clin their tissues (Munns and Tester, 2008) and maintaining higher K + concentration in the cells . Drought or water deficit is a serious abiotic stress that negatively affects the growth and productivity of crops (Zlatev and Lidon, 2012) . Yield losses up to 50% have been noticed for many crops due to water shortage (Wang et al., 2003) . Drought affects plants in many ways and at various levels of their growth and development (Wentworth et al., 2006) . As for salinity, water stress is also responsible for osmotic stress (Hu and Schmidhalter, 2005) and nutrient disorders in plants . Moreover, it causes reduction in chlorophyll content which might be due to damage to chloroplasts caused by active oxygen species (Smirnoff, 1995) . The leguminous plants have been observed to show low nodulation and nitrogen fixation capacity under drought stress (Pimratch et al., 2008) . Drought resistant plants try to reduce water loss by increased stomatal resistance, increased water uptake through widespread root system (El-atta et al., 2012) and maintaining high relative water content (Zlatev, 2005; Gorai et al., 2010) . Many acacia species are well adapted to saline conditions due to their better ionic balance in terms of Na + and K + ions Marcar et al., 1991) . Like other xerophytes, acacia has the capability to defy drought and survive under arid environments by conserving water (Ramoliya and Pandey, 2002) . This is achieved either by reducing water loss or by escalating water absorption by various morphological and physiological adaptations (Aref and El-Juhany, 1999) . Minimizing the exposed leaf surface area leads to limited water loss via transpiration from the plant. Reduction in leaf area is achieved by inhibiting leaf initiation (Ibrahim, 1995) or reducing leaf size (Ibrahim et al., 1998) . Roots show a high degree of morphological plasticity that enables them to cope with shortage of water (El-atta et al., 2012) . Production of thin and deep penetrating roots under water deficit conditions is considered an important mechanism for more water uptake (Ramoliya and Pandey, 2002) A lot of research has been conducted with either water or salt stress separately, probably for the sake of convenience. In many places, salinity and drought occur together; therefore, the interactive studies considering both factors may give the true picture of the plant's performance in the natural field conditions (Ramoliya and Pandey, 2002; Saqib et al., 2013) . The effect of higher salt concentration on plant growth in soils is basically through soil solution. Hence, it is supposed that soils having low moisture content may affect plant growth more than wet soils. Moreover, the occurrence of frequent droughts is almost a regular phenomenon in salt affected arid regions. Ultimately, effect of salts on the plant growth should be studied under both wet and dry soil conditions. The objective of this study was to evaluate the salinity and water stress tolerance potential of two acacia species, and how the water deficit alters the plant response to salt stress. The obtained information could be used for identification of plant species for the restoration of arid and salt affected ecosystems.
MATERIALS AND METHODS

Plant material and experimental techniques:
A pot experiment was conducted for four months in the wire house of the Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad, Pakistan, to investigate the effect of salinity and water stress on two acacia species. Faisalabad, Pakistan. Normal soil (ECe = 2.31 dS m -1 ; sandy loam in texture) was collected from an agricultural field, passed through 2 mm sieve and filled in pots @ of 12 kg per pot. Calculated amount of NaCl was mixed in the soil of each pot to develop required (control, 10, 20 and 30 dS m -1 ) salinity levels. Three months old healthy nursery plants of both species were transplanted in these pots, keeping one plant in each pot. After the initial establishment of plants for two weeks, water stress treatment was started and continued till the end of the experiment. The plants under water stress were not irrigated for fifteen days at an alternate interval of fifteen days (i.e. fifteen days water stress and fifteen days normal irrigation). The plants without water stress were irrigated regularly so as to keep the soil moisture level to 70% of the soil water holding capacity. Plant growth parameters: Data regarding growth parameters were taken before harvesting. Plant height was measured from base to the top of the stem in cm with meter rod. Stem diameter was measured with Vernier Calipers from 1 to 2 cm above the soil surface. After the harvest, data regarding root length, fresh and dry shoot and root weights were recorded. Physiological attributes: Nodule number was counted manually and their dry weight was also determined. Chlorophyll content of the second top leaf was measured using SPAD-502 Chlorophyll meter. Relative water content was determined following the method of Sairam et al. (2002) , according to which young leaf samples were weighed (0.5 g) as fresh weight (FW) and immediately hydrated to full turgidity. After four hours, samples were taken out of distilled water and turgid leaves were quickly dried with filter paper to remove surface water and immediately weighed to obtain fully turgid weight (TW). These samples were oven dried at 65°C for 48 hours to determine dry weight (DW). Relative water contents were determined by the given formula:
RWC= [(FW-DW)/ (TW-DW)] Ionic composition: The roots and shoots were separately oven dried at 75°C for 48 hours. The dried and ground root and shoot samples were digested with H2SO4 and H2O2 following the method of Wolf (1982) . After digestion, the volume was made 50 ml with distilled water and used for ionic analysis. The ionic concentration for Na + and K + in plant samples was determined by Sherwood-410 flame photometer with the help of self-prepared standard solutions using reagent grade salts of NaCl and KCl respectively. Chloride was determined with Sherwood-926 chloride analyzer. Standard procedures were applied to analyze the data using completely randomized (CRD) design with factorial arrangements (Steel et al., 1997) and the means were compared using least significant difference (LSD) test. 
RESULTS
Shoot and root growth:
Salinity caused significant reduction in plant height and stem diameter of both the species, however when salinity was combined with water stress, more reduction was observed as compared to individual stress (Table 1) . Effect of treatments, species and their interaction was significant for both these parameters at P < 0.05. A. nilotica produced significantly more plant height and stem diameter in all the treatments except at 20 and 30 dS m -1 . Salinity and water stress separately reduced shoot and root dry weight of both species, but when salinity was combined with water stress, the reduction was more pronounced as compared to either stress alone ( Table 1 ). The species effect was non-significant for both shoot and root dry weight at P<0.05. Comparison of both the species indicated that A. ampliceps produced more shoot and root dry weight under salinity stress. However, in 10 dS m -1 + water stress treatment, A. nilotica produced significantly more shoot and root dry weight than A. ampliceps. In rest of the treatments, both the species did not differ significantly from each other for both shoot and root dry weights. Root length was also reduced significantly due to salinity, water stress and their combination ( Table 1) . Effect of treatments, species and interaction of species with salinity was significant at P < 0.05. Comparison of both the species indicated that A. nilotica produced significantly more root length in all the treatments except in 30 dS m -1 . Physiological attributes: Nodulation, chlorophyll and relative water contents were decreased as a result of salinity and water stress, however their interactive effect was more detrimental than the either individual stress (Figs. 1-4) . The species effect was non-significant for nodule dry weight at P < 0.05. In case of chlorophyll and relative water contents, the main effects and the interaction of species with both treatments were significant at P < 0.05. The comparison of both the species indicated that A. ampliceps produced more values of these physiological attributes under salinity stress alone. However, under water stress alone, and its combination with 10 dS m -1 salinity, A. nilotica showed more values of all these parameters. When water stress was combined with 20 and 30 dS m -1 salinity levels, both the species did not differ significantly from each other regarding all these attributes. Ionic composition: Salinity significantly increased the Na + and Clconcentration and caused reduction in K + concentration in shoot and root of both species. Water stress in combination with salinity, further caused ionic imbalance in both species (Table 2) . Effect of salinity, water stress and species was found significant at P < 0.05; however, the interaction of salinity and water stress was significant only in case of root for Na + and K + . Comparison of both species showed that A. ampliceps accumulated less Na + and Cland more K + as compared to A. nilotica in most of the treatments.
DISCUSSION
This study showed that effect of salt stress was modulated by water stress in acacia species. Increasing levels of salt in the growing medium caused significant reduction in plant height and stem diameter. However, when salinity was combined with water stress, both reduced these growth parameters in an additive manner. A. nilotica produced significantly more plant height and stem diameter in control and 10 dS m -1 salinity treatment. Increasing salt concentration at 20 and 30 dS m -1 salinity levels caused more reduction in these parameters in case of A. nilotica than A. ampliceps. On the other hand, under water stress alone and its combination with salinity, the reduction was more in the case of A. ampliceps. In this way the effect of salts was modulated by water deficit conditions at the same salinity levels. Reduction in these growth parameters under salinity (Mahmood et al., 2009 ), drought (El-atta et al., 2012 and their combination (EI-Juhany and Aref, 2005) had also been observed in the past. Shoot and root dry weight was reduced due to salinity and water stress, but when salinity was combined with water stress, more reduction was noticed. Salinity alone caused more reduction in shoot and root dry weight in case of A. nilotica, which indicated that this species is less salt tolerant than A. ampliceps. However, when salinity was combined with water stress, more reduction was observed in case of A. ampliceps indicating relative sensitivity of this species to water stress. Reduction in shoot and root biomass in response to salinity , water stress (El-atta et al., 2012) and their combination (Ramoliya and Pandey, 2002; EI-Juhany and Aref, 2005) was also observed in the past. Saqib et al. (2013) found that the yield and yield components of wheat were reduced under salinity and drought. Reduction in growth due to salinity could be the result of osmotic effect, ion toxicity and nutritional imbalance (Hu et al., 2006; Abbas et al., 2013) . Likewise, water shortage is also responsible for osmotic stress (Hu and Schmidhalter, 2005) and nutritional disorders in plants . These harmful effects are operative at the cellular as well as higher levels of organization and have impact on all the features of plant metabolism. The osmotic effect caused by water deficit was more detrimental for A. ampliceps; whereas, the ion toxicity and imbalance caused by higher Na + and Clconcentrations at higher salinity levels were more harmful for A. nilotica. At higher salinity levels i.e. 20 and 30 dS m -1 combined with water deficit, the defense mechanism of A. ampliceps against salts was less effective and resulted in severe reduction in shoot and root dry weights. Reduction in root weight was less as compared to shoot weight which indicated the morphological flexibility of root systems that facilitate acacia to survive under variable soil conditions. A. nilotica produced more root length than A. ampliceps. These results indicate that this species has an inclination for rapid root extension which confirms the better survival of this species in severe dry habitats (Pandey and Thakarar, 1997) . Salinity and water deficit together caused more reduction in nodulation, chlorophyll and relative water contents in case of both species. Salinity alone was more detrimental for A. nilotica and water stress was more harmful for A. ampliceps. Reduction in nodulation of leguminous plants had been observed under drought (Pimratch et al., 2008) as well as salinity stress (Al-shaharani and Shetta, 2011) . Likewise, water deficit caused reduction in chlorophyll contents of Acacia tortilis as observed by Kebbas et al. (2015) . This reduction is mainly endorsed to damage to chloroplasts caused by reactive oxygen species (Smirnoff, 1995) , which are produced under both salinity and water stress along with toxic effects of ions. According to Ramoliya and Pandey (2002) high relative water content of leaves is an adaptation to xeric habitats. The higher values of relative water contents under drought were noticed in drought tolerant bean (Zlatev, 2005) and in Astragalus gombiformis Pom. and Edicago sativa L. (Gorai et al., 2010) . Our results are in confirmation with these observations as we also found that A. nilotica which is relatively drought tolerant species showed more relative water content than A. ampliceps. Salinity significantly increased Na + and Cland decreased K + concentration in shoot and root of both the species. Water stress in combination with salinity, further deteriorated this ionic imbalance. Such ionic imbalance in response to salinity Khalil et al., 2012) and under combination of salinity and drought had also been previously noticed. A. ampliceps accumulated less Na + and Clas compared to A. nilotica in both shoot and root. Comparison of shoot and root showed that concentration of Na + and Clions was more in root than shoot. This type of ion accumulation is a salt tolerant behavior known as ion exclusion and it is positively related with salt tolerance of various plant species (Saqib et al., 2005; Munns and Tester, 2008) . The higher uptake of these ions caused more reduction in growth due to which A. nilotica showed less tolerance to salinity than A. ampliceps. Potassium (K + ) has a key role in salt tolerance and uptake of K + is decreased under both salinity and water stress . Reduction of K + concentration in both parts indicated that Na + repressed the uptake of K + . More uptake of Na + in case of A. nilotica indicated that ion exclusion was poorly operative in this species, so it had less K + concentration as compared to A. ampliceps.
Conclusion:
This study explored the tolerance potential of two acacia species for two very important abiotic stresses i.e. salinity and drought. We observed that A. ampliceps was more tolerant to salinity stress than A. nilotica. On the other hand, A. nilotica performed better under water stress alone as well as when it was combined with salinity. Therefore, it is recommended that under the combined stress of salinity and water shortage, A. nilotica should be grown for the rehabilitation of marginal lands.
